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A five-month experimental program was conducted t o  f i n d  ma te r i a l s  
t h a t  n o t  o n l y  would be compat ib le w i t h  Tef lon f i l m  polymers a l so  would make 
p r a c t i c a l  t h e  use o f  these polymers as covers f o r  t he  u l t r a - t h i n  Sf?-micrometer 
t h i c k  s o l a r  c e l l  i n  the  space environment. The i n i t i a l  t h r u s t  was t o  screen 
m a t e r i a l s  t h a t  cou ld  be used as adhesives a t  the  ce l l / cove r  i n t e r f a c e .  Based 
on a l i m i t e d  amount o f  t e s t  and e v a l u a t i ~ n  o f  severa l  ma te r i a l s ,  i t  was con- 
c luded t h a t  t h e  widely-used nW3-5nn was as good as any commercial ly a v a i l a b l e  
product  known a t  t h i s  t ime, as l ong  as i t  was p ro tec ted  from u l t r a v i o l e t  (UV) 
r a d i a t i o n  by  a s u i t a b l e  IJV-screening agent. 
A t t en t i on  was then turned t o  techniques t h a t  might be incorpora ted  i n t o  a 
polymeric c e l l  cover system t h a t  would make i t  f u l l y  compet i t i ve  w i t h  the  
un ive rsa l l y -used  g lass cover system. An extens ive examination o f  u l t r a v i o l e t  
(UV) screening agents showed t h a t  the re  were several  chemical systems t h a t  were 
e f f e c t i v e  UV-blocking agents w i t h  good v i sua l  band t ransmi t tance i n  o p t i c a l  1 y- 
c l e a r  s i l i c o n e  r e s i n  so l u t i ons .  Based on t he  work done i n  t h i s  program, a 
s i l i c o n e  hard coat  r e s i n  i nco rpo ra t i ng  a !JV screening agent was se lected as a 
s u i t a b l e  coa t ing  ma te r i a l  f o r  ?FA Tef lon  s o l a r  c e l l  covers. Fur ther  t e s t  and 
eva lua t ion  o f  t h i s  ma te r i a l  w i  11 he requ i red  before space qua1 i f i c a t i o n  o f  t h i s  
polymeric c e l l  cover system i s  assured. 
SECTION 1 .O 
1 . I  INTRODUCTION 
The desirability o f  replac ing glass so lar  c e l l  covers with polymeric sheet 
has been recognized f o r  some y e w s  (references 1 and 2). The f 1 uorocarbon 
res ins ( a t  l eas t  the  FEP and PFA systems) provide a near ly  absorption free, 
op t i ca l  l y - c l  ean medium w i  t h  good thermal propert ies and good resistance 
t o  i on i z ing  radiat ion.  The ea r l y  attempts t o  use FEP l ' e f l on  as a c e l l  
cover were based on heat seal ing the polymer t o  the c e l l  surface d i r e c t l y ,  
thus e l im inat ing  the problems associated w i t h  darkening and embri t t lement  
of the adhesive w i th  u l t r a v i o l e t  i r rad ta t i on .  This heat-sealed cover 
process proved t o  be impract ica l  w i t h  u l  t ra-1 ightwei yht , f l e x i b l e  blanket 
so lar  array designs because o f  the  elevated temperature (-25O0C) re-  
quired i n  the heat seal ing process (Reference 3 ) .  This high-bonding temperature 
created a correspondingly h l  gh-thermal l y  induced stress. This s t ress together 
w i t h  UV-induced stress was s u f f i c i e n t  t o  cause cover darkening and em- 
b r i  t t lement  (Reference 4). 
.The program was i n i t i a t e d  w i t h  the understartding o f  these p r i o r  attempts 
t o  use sheet polymeric covers i n  l i e u  o f  the comnon glass-adhesive cover 
system. The i n i t i a l  t h rus t  o f  work on t h i s  program was an attempt t o  
f i n d  a commercial l y -ava i lab le  adhesive t h a t  would exhi b i t  a higher re-  
s i  stence t o  degradation under the thermal ly-induced and radiation-induced 
stresses found i n  the space environment. 
The program plan ca l led  f o r  the d e f i n i t i o n  o f  a so lar  array based on the  
newly-introduced SO -micrometer t h i c k  s i  1 icon so lar  c e l l  (reference 3). 
The ar ray  design, developed e a r l i e r  a t  GE Co. f o r  JPL Pasadena, CA, t h a t  l e d  t o  
the  development o f  a f l e x i b l e  blanket solar  array w i t h  a spec i f i c  power 
o f  200 w/kg ( re f .  4)  was taken as the baseline design. This design c a l l s  
for a 25-micrometer t h i c k  Kapton-H substrate, 50-micrometer t h i c k  c e l l s  
j o ined by 50micrometer t h i c k  c e l l  interconnects and a 75-micrometer 
t h i c k  polymeric c e l l  cover. 
A l i m i t e d  amount o f  qua1 i f i c a t i o n  t e s t i n g  was conducted i n  t h i s  program 
namely, temperature shock and temperature-humidity. A mechanical s t ress 
t e s t  was included. Exposure t o  u l t r a v i o l e t  and i on i z ing  rad ia t i on  was 
not  scheduled i n  t h i s  program. 
Twenty 2-ce l l  t e s t  samples were fabr ica ted  t o  support the above noted 
tes ts  a t  G. E. T h i r t y  sing1 e-ce l l  samples were fabr ica ted  f o r  subsequent 
t e s t i n g  a t  Lewis Research Center. 
A change i n  work scope was proposed by G E Co., and approved by the NASA 
Program Manager a t  about the half-way p o i n t  i n  the program. This change 
was i ns t i ga ted  based on some re la ted  experimental work a t  GE t h a t  o f fe red  
a new approach t o  the so lu t i on  o f  the cen t ra l  problem; i .e., prevention 
of op t i ca l  darkening and embritt lement o f  the polymeric cover system by 
UV rad ia t ion .  A new concept was proposed f o r  t h i s  so lut ion;  namely, 
coat the photon inc ident  surface w i th  a s i l i c o n  hard coat t ha t  contains 
a UV-screening agent. This approach o f f e r s  p ro tec t ion  t o  both the cover 
polymer and the underlying adhesive. This so lu t i on  appears t o  be new 
technology, as appl ied t o  so la r  c e l l  covers, and has been documented 
as such f o r  repor t ing  purposes. 
THE EXPERIMENTAL PROGRAM 
2.1 SCREENING OF ADIIESIVE 
The i n t i t a l  screening o f  candidate adhesives was performed bttsed on 
the fol lowing c r i t e r i a :  
1) Opt ica l  c l a r i t y  and h igh  "si l icon-band" (400 nm t o  1100 nm) trans- 
mi ttance. 
2) Good adhesion t o  low-energy surfaces. 
3) Retention o f  these physical and chemical proper t ies over a wide range 
of temperatures (-185°C t o  100°C) experienced i n  a thermal cyc le  and 
under condit ions o f  h igh humidity and elevated temperature (90% RH 81 
65°C). 
4) Low absorptance i n  the u l t r a v i o l e t  band between 200 nm and 400 nm. 
From our own experience and other  work i n  the f i e l d  (reference 5), there 
i s  ample evidence tha t  s i l  icone systems rank a t  the top o f  polymeric 
systems for  the purpose intended here. For t h i s  reason, the scope o f  
our inves t iga t ion  was l i m i t e d  t o  the s i l i c o n e  res ins  l i s t e d  i n  Table 
2-1. 
While a l l  o f  these s i l i cones are essen t i a l l y  o p t i c a l l y  c lear ,  the re -  
l a t i v e  resistance t o  embri t t lement  and darkening through exposure t o  
u l t r a v i o l e t  was a m a j w  concern. The screening c r i t e r i a n  used here i s  
the t o t a l  hemispherical t ransmittance i n  the spectra l  i n t e r v a l  o f  200 
nm t o  400 nm. Thin coatings o f  these mater ia ls  were cast  on 50-micro 
meter t h i ck  PFA - Ci?. 
The t o t a l  hemispherical transmittance was measured using a Beckman Model 









































































































































































































































































































































































































































































































































































































































































The screening f o r  so la r  c e l l  cover adhesives was terminated a t  t h i s  po in t  t o  address : 
the basic problem o f  polymer s t a b i l i t y  under UV i r rad iance more d i r e c t l y .  
2.2 ULTRAVIOLET SCREENING AGENTS 
The ob jec t ive  o f  t h i s  program i s  t o  f i n d  an adhesive t h a t  may be used 
t o  bond a polymer f i l m ,  l i k e  PFA Teflon, t o  an AR-coated so la r  c e l l  a t  a 
moderate temperature. It occurred t o  us tha t  undue emphasis had been 
placed on the adhesive, since the aging property of the polymer sheet 
appears t o  be a t  leas t  as important t o  the development of a successful 
replacement f o r  the glass-adhesive system t h a t  i s  i n  wide use today, 
as the adhesive i t s e l f .  Both fused s i l i c a  and ceria-doped glass covers 
are inherent ly  s tab le  i n  the presence o f  UV rad ia t ion .  The i n t r i n s i c  
high absorbtion f o r  UV seen w i t h  the c e r i a  glass protects the under ly ing 
adhesive from degradation by the UV. On the other hand, since fused 
s i l i c a  does not  absorh i n  t.he 230- t o  4flQ-inm region of the spectrum, 
fused s i l i c a  covers must be coated w i t h  a UV r e j e c t i o n  ( r e f l e c t i o n )  
f i l t e r .  I n  e i t h e r  case, i t  i s  the UV blocking proper t ies o f  the 
inorganic c e l l  cover t ha t  accounts f o r  the success tha t  the glass ad- 
hesive system has enjoyed. 
A1 1 the  adhesives ava i lab le  t o  t h i s  program fa1 1 i n t o  one of the fo l low- 
f ng categories o f  experience: 
1 ) Appropriate f o r  t e r r e s t r i a l  UV exposure, 
2)  Not appropriate as op t i ca l l y - c lea r  media 
3; Good l i f e  under space UV condit ions as long as they are 
protected by UV r e f l e c t i o n  o r  absorption f i l t e r  media; 
eg., ce r i a  glass. 
A1 1 o f  the  s i  1 icones, a c r y l i c s ,  and f l uo r i na ted  polymers and co-polymers, 
w i t h  few exceptions, f a l l  i n t o  the  f i r s t  category. The di-methyl  s i l i c o n e  
res i ns  a re  t o  be p re fe r red  over t k  methyl-phenyl r e s i n s  from the  UV 
absorpt ion p o i n t  o f  view. Unless these ma te r i a l s  can be s ro tec ted  by UV 
screens, however, as i n  the case o f  t he  g lass covers, they w i l l  break down 
under space UV condi ti ons. 
The Wacher Chemie S-191 RTV s i l i c o n e  f a l l s  i n t o  the second category i n  
t h a t  i t  i s  r e d  i n  c o l o r  and on l y  apprapr ia te  as a subs t ra te  adhesive. 
Th is  narrows the  s e l e c t i o n  o f  appropr ia te  adhesive down t o  cases where 
UV screening has been e f f e c t i v e  i n  p r o t e c t i n g  the  adhesive from degrada- 
t i o n  i n  o p t i c a l  t ransmi t tance and e l a s t i c i t y .  A rev iew o f  UV screening 
agentswas deemed necessary so t h a t  a s t r a tegy  cou ld  be formulated f o r  
the a t ta inment  of a UV-proof po l  y n e r i  c cover-adhesi ve sys tern. 
2.3 SOLAR F L L  TEST S.4n'?LFS 
The program p lan  c a l l e d  f o r  the  f a b r i c a t i o n  o f  twenty 2 - c e l l  t e s t  samplr , 
f o r  t e s t  and eva lua t ion  a t  GE i n  add i t i on  t o  t h i r t y  s i n g l e - c e l l  samples 
t o  be de l i ve red  t o  Lewis Research Center. The cons t ruc t i on  o f  these 
samples close1.y f o l l o v e d  the a r ray  design shown i n  F igure 2-1, developed 
e a r l i e r  f o r  the  JPL 200-Watt/Ki lograrn Solar  Array Program (Reference 4 ) .  
Key t o  t h i s  design i s  the u l t r a - t h i n  50-micrometer t h i c k  s i l i c o n  s o l a r  
c e l l  , the welded s i l v e r - p l a t e d  Invar  c e l l  in terconnects ,  the f l e x i b l e  
Kapton-H subst ra te ,  and the FEP ( o r  PFA) Tef lon-cover ma te r i a l .  The con- 
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Figure 2- 1 a .  Generic Solar Array Design, 1 0 W  Capacity 
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2.4 TEST AND EVALUATION OF SAMPLES 
Two sets of t es t s  were conducted on the 2-ce l l  samples. E l e c t r i c a l  performance 
was measured a f t e r  weld bonding, cover bonding t o  the c e l l ,  and before and a f t e r  
each new stress was appl ied t o  the samples. 
The f l  erri b i  1 i t y  and temperature humidity t e s t  sequence went as fol lows : 
F l e x i b i l i t y  Test - wrap c e l l s  over 25-cm diameter drum 
E l e c t r i c a l  Performance Measurement 
Temperature - Humidity Test - 6 5 ' ~  and 100% R. H. f o r  10 days 
E l e c t r i c a l  Performance Measurement 
The thermal shock t e s t  sequence consisted of rap id  temperature cyc l i ng  of the  
c e l l  from 1 0 0 ~ ~  t o  -185'~ f i f t e e n  times w i t h  a 5-minute soak a t  each end. 
E l  e c t r i c a l  performance was measured afterwards. 
Optical  transmittance measurements were taken throughout the fab r i ca t i on  phase 
and i n  one case a f t e r  ths temperature shock t e s t  when one of the c e l l  covers was 
peeled o f f .  S i m i l a r l y  op t i ca l  transmittance data was taken on four  d i f f e r e n t  
s i l i c o n e  primers as a means o f  se lec t ing  the preferred one. 
SECTION 3.0 
TEST EQUIPMENT AND PROCEDURES 
3.1 PIAGNQSTIC TESTING 
The Beckman Model UV-5240 spectrophotometer was used w i t h  the i n teg ra t i ng  
sphere attachment t o  ob ta in  t o t a l  hendspherical t ransmittance as a func t ion  
of wave1 ength between 20bnm and 80bnm on c e l l  cover mater ia l  , adhesive 
and coatings. S i l i cone  f i lms  were cas t  on type CLP 200 PFA Teflon. A one 
cm quartz c e l l  was used i n  the case o f  f l u i ds ,  l i k e  the s i l i c o n e  primers. 
I n  every case,a 100% curve was taken t o  normalize the transmission data. 
The e l e c t r i c a l  performance o f  the so la r  c e l l  samples was recorded using 
the Spectrolab Large Ared Pulsed Solar SIinulator (LAPSS) Figure .3-1, and e 
2 1 X 2 cm -shallow junct ion, Hybrid A type, reference c e l l  , a lso  from 
Spectrolab. The c e l l s  were measured under A140 condi t ions w i t h  the data 
base adjusted f o r  laboratory temperature. Current- vol tage curves were 
taken a f t e r  welding, a f t e r  cover attachment and a f t e r  each step i n  the 
t e s t i n g  process. 
3.2 THEPYAL S!!3CK TESTIYT; 
An 18" vacuum b e l l  j a r  f a c i l i t y ,  
thermal shock tes t .  An exploded view o f  the thermal platens and the 
sample under t e s t  i s  shown i n  Figure 3-3. Two thermocouples, one f o r  Figure 3-2, 
was used t o  conduct the contro l ,  the other  f o r  recording, a re  soldered t o  one o f  
the c e l l  interconnects. A ha l f -cyc le  t imer i s  adjusted f o r  the opti-mum. . 
co ld and hot-half-cycle periods. The operat ion i s  such t h a t  on the hot- 
half-cycle, the e l e c t r i c a l  heater i s  on. During the co ld  cyc le  the 
e lec t r i ca l l y - con t ro l l ed  solenoid valve i s  open a l lowing LN2 t o  f l ow  t o  
the platens. In t h i s  manneq a hot-half-cycle o f  20 minutes and a co ld -  
a. Da tfl Console, h i n t e r  and Illotf cr 
11. Rilsp~l .ire 1~n111 
I:igurc 3-1 . T;~rgc ..\rcn PLIIFCVI Solnr Simulator 

ha1 f-cycl e o f  21 minutes was achieved w i t h  a 5-mi  nute soak a t  both ends. 
3 . 3  TEMPERATURE - HUMIDITY TEST 
This t e s t  was conducted by suspending the samples over water o f  a 4-liter 
beaker. The beaker and samples were then completely encased i n  a large poly- 
ethylene bag and placed in a 65% oven. The t o p  o f  the bag was adjusted so t h a t  
condensed water vapor would dra in  back t o  the  liquid i n  the bottom o f  t h e  beaker. 
3 . 4  FLEXURE TEST 
Four sing1 e-cel 1 sarnpl es were wrapped around a 25-cm diameter cylinder and taped 
i n  pl ace, see Figure 3-4. Thi  s procedure was repeated f i  ve times , The el e c t  r i  cal 
performance o f  the cell  s was measured after the  1 a s t  flexure cycle, 
Figure 3-4. Flexure Test F i x t u r e  
- 1  5- 
SECTION 4.0 
TEST RESULTS 
4.1 EXPLORATION OF MATERIALS AND TECHNIQUES 
4.1.1 ADHESIVES 
The s p e c t r a l  t r a n s m i t t a n c e  o f  t h e  l e a d i n g  cand ida te  s i l i c o n e  adhesives i s  shown 
i n  F igu re  4-1 and 4-2. The c o r r e c t e d  t ransmi t tance  a t  s e l e c t e d  wavelengths i s  
g i ven  i n  Tab le  4-1. S ince a l l  these s i l i c o n e s  were c a s t  on  t h e  same t r a n s p a r e n t  
substrate (PFA Te f lon ) ,  and t h e  index o f  r e f r a c t i o n  o f  each i s  approx imate ly  
t h e  same ( 1 . 4 1 ~  n .:.I .44), t h e  abso rp t i on  c o e f f i c i e n t s  f o r  each may be c a l c u l a t e d  
based on t h e  th i ckness  o f  each c a s t  f i l m ,  see Tab le  4-2. F i n a l l y ,  a r a n k i n g  of  
these s i l  icones may be made based on these c a l c u l a t e d  a b s o r p t i o n  c o e f f i c i e n t s ,  
see Tab le  4-3. Based on t h i s  data, t h e  RTV-615 s i l i c o n e  would be t h e  l e a s t  
a f f e c t e d  bv u l t r a v i o l e t  and SR574 the  most a f f e c t e d .  T h i s  c o r r e l a t e s  w i t h  t h e  
f a c t  t h a t  RTV-615 i s  a  d i -methy l  s i l i c o n e ,  whereas t h e  SR 574 i s  a  13% p h e n y l s i l i c o n e .  Th is  
p r o p e n s i t y  o f  t h e  methyl -phenyl  s i l i c o n e s  t o  absorb more i n  t h e  u l t r a v i o l e t  has 
been observed on e a r l i e r  occasions ( ~ e f e r e n c e  4) .  On an equal exposure bas j  s  , then,  RT'I-615 
shou ld  darken and e m b r i t t l e  t h e  l e a s t  and, t h e r e f o r e ,  would be t h e  adhesive o f  
choice.  
4.1.2 COVERS 
. A s p e c t r a l  a n a l y s i s  o f  po l ymer i c  cover  m a t e r i a l s  was made i n  a  s i m i l a r  manner 
t o  see which m a t e r i a l  had t h e  l e a s t  abso rp t i on  i n  t h e  u l t r a v i o l e t .  These data  a r e  
shown i n  Table 4 - 4 .  The f l uo roca rbons  absorb t h e  l e a s t  w h i l e  Tedlar-UT and 
Ted la r  XRB absorb t h e  most. The l a t t e r  was p u z z l i n g ,  a t  f i r s t ,  because the  
manufacturer  (DuPont) has developed t h e  XRB t ype  f o r  s o l a r  c o l l e c t o r  g l a z i n g .  
Note t h a t  t h e  t ransmiss ion  f a l l s  a b r u p t l y  from 86% a t  500 nm t o  9% a t  350 nm. 
Vote t h e  s i m i l a r i t y  t o  t h e  t ype  UT Ted la r .  I n  a  we t h e r i n g  t e s t  conducted i n  
F l o r i d a ,  t h e  XRB m a t e r i a l  r e t a i n e d  95% o f  i t s  o r i g i n a l  t ransmiss ion  a f t e r  5 years  
.... ................... . . . . . . .  .-. .---.- 
I '  
. .. * 1 . i I I -  i ! :; 1 , 1 ,  , , :,I,,, , 1 .... i 1 
TOTAL HEMISPHERICAL TRANSMISSION 
Both sandwi tched between two 
sheets of 2 - m i 1  PFA Te f lon  

where absorptante s - 
X 
Table 4-2. O ~ t l c r l  Absor~tlon Coeff lc lmtc d Stlactad Ytvrlenaths 
CALCULATE0 MSORDTIOW ClHf f IC IENA (w" ) 
and - t o t a l  hemlspherfcal tranrmlttance 
x sample thlckntrs i n y n  
800 nm 
9.7 ( I U - ~ )  
. - - . p e w .  
6.n (10.') 
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8.0 (10"') 
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1 .  0 
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I .  l o -  
2.6  (10 '~)  
1 . 2  1 0 -  
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1.1 (10-31 1 7 .2  ( IG-~!  i 1.9 (10-3) 
2.5 
o -  
( 1 ~ 2 )  
3.1 (1W2) 
1.6  1 -  
1 . 3  (10 '~)  
I l o -  
3.7 (10-2) 
4.0 (10'~) 
3 .  ( l o )  
7 .3  
-1 
1.2 I I~-O I 
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TABLE 4-4' 
OPTICAL TRANSMITTANCE OF SHEET POLYMERS 
TOTAL HEMISPHERICAL TRANSMITTANCE 
MATERIAL TYPE 200 nm 300 nm 350 nm 400 nm 800 nm 1100 nm 
(Thickness) 
FEP-A Fluor inated 
(50 AJm) Co-polymer 0.89 9 0.92 0.93 0.95 0.95 
FEP-C Same as A type 0.92 0.91 0.92 0.93 0.95 0.95 
(50 f l m )  
PFA-CLD Perf luoro-alkoxy 0.83 0.92 0.93 0.94 0.95 0.95 
(50 ~ m )  f l  uorocarbon 
PFA-CP SameasLPType 0.81 0.91 0.93 0.94 0.95 0.96 (50 d m )  bu t  cementable 
TEFZEL Copolymer o f  0.80 0.92 0.93 0.94 0.95 0.95 
(50 ,urn) ethylene and 
TFE 
Ted1 ar-TR Po lyv iny l  0.32 0.85 0.89 0.91 0.92 0.92 (25 urn) 
TFE Fluor inated 0.22 0.42 0.50 0.55 0.83 0.90 (1 25 .am) 
PES Polyether- 0 .  C.02 0.76 0.84 0.89 0.89 (50 PI) su l  fone 
HA LA R @polymer o f  0.16 0.91 0.90 0.91 0.33 0.94 
(50 u r n )  ethylene & 
ch lo r ina ted  TFE 
UDEL Polysul fone 0.04 0.00 0.66 0.84 0.89 0.90 
( 1  00 p m )  
4%00Ehm 
Pol y a r y l  on 0.00 0.00 0.33 0.85 0.91 0.90 
Tedlar-UT Polyv iny l  0.00 0.00 0.01 0.86 0.92 0.92 
(25  , ~ l m )  
T d l a r  - XRB Po lyv iny l  0.00 0.00 0.09 0.86 0.92 0.92 
(!00 urn) f l u o r i d e  
i n  t he  F l o r i da  sun. The conc lus ion t o  be drawn from t h i s  data i s  t h a t  UV hardening 
has been imparted t o  t he  Tedlars by b lock ing  o u t  o r  screening the  UV. Tedlar XRB 
and Tedlar UT must have a small percentage o f  a screening agent incorporated i n t o  
t he  r e s i n  i t s e l f ,  o r  app l i ed  t o  the  surface, o r  both. This UV p ro tec t ion ,  achieved 
i n  Tedlar, po in ted t h e  way t o  what we des i red  i n  t h i s  program; i .e., a UV screen 
e f f e c t i v e  down t o  200 nm. The quest ion o f  whether t h i s  same type  o f  a ~ d i f v , a t i o n  
cou ld  be app l i ed  t o  the  Tef lons l e d  t o  an investigation o f  UV screening agents. 
4.1 .3 ULTRAVIOLET SCREENING AGENTS 
Both RTV-615 s i l  icone and the p r o p r i e t a r y  GE experimental SHC-1000 sf 1 icone hard- 
coat  r e s i n  were used as host mate r ia l s .  These ma te r i a l s  a re  f r e e  o f  t he  phenyl 
group and, the re fo re ,  show a minimal amount o f  UV absorpt ion.  The s i l i c o n e  hard 
coat  has t he  added f ea tu re  o f  a hard, low-tack surface. I t  goes on as a t h i n  
f i ln ,  t y p i c a l l y  25 t o  35 micrometers t h i c k ,  wh i l e  t h e  RTV s i l i c o n e  i s  most con- 
ven ien t l y  cas t  as a 50- t o  75-micrometer t h i c k  coat ing.  Tef lon,  PFA o r  FEP, 50 
micrometers t n i c k  was used as t he  subs t ra te  i n  both cases. U l t r a v i o l e t  screening 
agents a re  avai  1 ab le  commerci a1 l y  from t h e  f o l l o w i n g  companies : 
r American Cynamid Co., Cyasorb 5411 
Bound Brook, NJ Cyasorb UV24 
r Argus Chemical Corp. Mark 1413, M3rk 1535, Mark 446 
Brooklyn, NY 
r Ciba-Geigy Corp. 
Ardsl ey, NY 
T inuv in  327 T inuv in  P 
T inuv in  328 T inuv in  770 
r Sandot Colors & Chemicals Sanduvor N-PU 
E. Hanover, NJ Sanduvor E- PU 
Small q u a n t i t i e s  o f  the  screening agents were added t o  the host ma te r i a l  as a 
means o f  f i l t e r i n g  o u t  the  UV by absorp t ion  and d i s s i p a t i o n  as heat. I n  p r i n c i p l e ,  
then, the  UV screening agent acts  as a f i l t e r  t o  prevent bond sc i ss i on  and c o l o r  
cen te r  formation. The resu l  i s  us ing  s UV-screening agent i n  t h i n  f f  lms o f  RTV-615 
a r e  shown i n  F igu re  4-3 and i n  Table 4-5, The Cyasorb 5411 and T i n u v i n  328 
appeared t o  be t h e  most e f f e c t i v e  i n  b l o c k i n g  t h e  UV. Note t h e  comment about  
r e - c r y s t a l l i z a t i o n  i n  t h e  case o f  a  1% s o l u t i o n  (by  we igh t )  o f  T i n u v i n  327. 
Re-crys ta l  1  i z a t i o n  occurs  a t  room temperature  when t h e  s o l u b i l i t y  1  i m i  t g i v e n  
by t h e  manufac turer  i s  approached. Another s o l v e n t  may be i n d i c a t e d  here. The 
t r a n s m i t t a n c e  peak a t  256 nm i s  n o t  d e s i r e d  i n  t h e  case o f  e x t r a - t e r r e s t r i a l  usage 
o f  these c o a t i n g s  s i n c e  t h e r e  i s  app rec iab le  UV below 300 nm o u t s i d e  o f  t h e  e a r t h ' s  
atmosphere. 
The r e s u l t s  u s i n g  GE SHC-1000 as a  h o s t  m a t e r i a l  a r e  shown i n  Table 4 .  Again, 
t h e  o b j e c t i v e  o f  t o t a l  b lockage o f  t h e  UV r a d i a t i o n  below 400 nm was n o t  achieved. 
Only t h e  Cyasorb UV-24 gave almost  complete r e j e c t i o n  o f  t h e  UV below 400 nm as 
shown i n  F igu re  4-4, Curve #2. A new p r o p r i e t a r y  GE Co, m a t e r i a l  known as SHC-1000 
UV became a v a i l a b l e .  Th is  i s  t h e  same bas ic  m a t e r i a l  as t h e  SHC-1000 w i t h  a  UV- 
screen ing agent  added. The almost  complete b lockage achieved w i t h  12 micrometers 
o f  t h i s  m a t e r i a l  i s  seen i n  F igu re  4-4, Curve #3. A 25-micrometer t h i c k  c o a t i n g  
does p r o v i d e  complete b lockage i n  t h e  UV, see F igu re  4-5. These data  ( F i g u r e  
4-5) was taken a f t e r  15  c y c l e s  o f  thermal  shock ( - 1 8 5 O ~  t o  1 0 0 ~ ~ ) .  There was no 
d e t e r i o r a t i o n  i n  t h e  f i l t e r  p r o p e r t i e s  o r  i t s  adherence t o  t h e  PFA T e f l o n  subs t ra te .  
Wi th  t h e  a r r i v a l  o f  t h e  SHC-1000 UV m a t e r i a l ,  f u r t h e r  search f o r  a  b e t t e r  UV- 
scree1 'ng agent was dropped. 
4.1.4 PRIMERS 
A screen ing o f  f o u r  s i l i c o n e  p r imers  was made on t h e  b a s i s  o f  UV and v i s i b l e  t r a n s -  
m i t t a n c e .  S ince these m a t e r i a l s  a r e  a v a i l a b l e  as f l u i d s ,  a  one-cm q u a r t z  c e l l  was 
L 
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TABLE 4-5 
UV SCREENING AGENTS I N  
RTV SILICONE 
MTERIAL 
(Thickness) TOTAL HEMISPHERICAL TRANSMITTANCE 
200rm 250m 300nm 350nm 400~11 500-800m 
RTV-615 0.16 0.80 0.88 0.92 0.93 0.94 
(100 ~ m )  
PFA-CLP 0.69 0.85 0.90 0.92 0.93 0.95 
(50 pm) 
RTV-615 Plus 0.38 0.78 0.72 0.81 0.92 0.94 
1% Tinuvin-p 
(SC pm) 
RTV-615 Plus 0.02 0.18 0.00 0.00 0.92 0.94 
2% qyasorb 5411 
(50 j l m )  
RTV-615 PIUS * 0.00 0.10 0.90 0.00 0.90 0.94 
1% Tinuvin 328 
(75 pm) 
RTV-615 Pl US 0.03 0.78 0.85 0.29 0.92 0.94 
1.8% Tinuvin 770 
( 7 5  y m )  
RTV-615 P l  US 0.08 0.58 0.78 0.87 0.92 0.94 
0.5% Sanduvor N-PU 
(75  p m )  
RTV-615 Plus 0.00 0.14 0.02 0.02 0.84 0.94 
1% Tinuvin 327 
( 7 5  ym) (Re-cyystall i r e d )  
NOTES : A1 1 f i 1 ms cast on 200 PFA CLP Tef 1 on 
Table 4-6 
UV SCREENING AGENTS I N  
SILICONE HARD COAT RESIN 
MATERIAL TOTAL HEMISPHERICAL TRANSMITTANCE 
(Thickness) 
200nm 250nm 300rm 350nm 400nm 500-800nm 
SHC- 1000 Plus 0.18 0.61 0.57 0.86 0.92 0.94 
0.26% EPU 
(5 urn) 
SHC-IOQO Plus 0.35 0.57 0.75 0.87 0.92 0.94 
0.23% NPU 
(5 , ~ m )  
SHC- 1000 Pl  US 0.46 0.83 0.87 0.90 0.92 0.94 
0.44% Tinuvin 770 
( 1 2  ym) 
SHC- 1000 Pl US 0.04 0.54 0.20 0.25 0.92 0.94 
0.5% Cyasorb 5411 
(5 ,urn) 
SHC-I 000 Plus 0.05 0.57 0.29 0.32 0.91 0.94 
0.5% Tinuvin 328 
;5 ~ m )  
SHC-1000 Plus 0.34 0.76 0.65 0.71 0.92 0.94 
0.23% Tinuvin P 
(5 ym) 
NOTE: A1 1 samples c o s t  on 200 PFA-CLP Teflon 
,+ 
used. A comparison o f  t he  t o t a l  hemispher ical  t ransmi t tance i s  shown i n  Table 4-7. 
The ma te r i a l  common1 y known as HMDS* (hexamethyldisi lazane! showy t he  best  o v e r a l l  f 




7, A Com~ar ison o f  S i l i c o n e  Primers 
1 
TOTAL HEMISPHERICAL TRANSMITTANCE (RELATIVE) 
( 1  cm ua th  l e n a h )  1 
4.2 FABRICATION, TEST AND EVALUATION FABRICATI3N 
T h i r t y  s i n g l e - c e l l  samples were f ab r i ca ted  f o r  d e l i v e r y  t o  "ISA Lewis Research 
LaS. us ing  the f o l l o w i n g  ma te r i a l s  from the  subs t ra te  up: 
Subst ra te  - 25-mi crometer Kapton-H 
Adhesive - 25-mi crometer DC93-500 
So la r  Ce l i  - 50-micrometer S i  1 i con  
Adhesive - 25-micrometer DC93-500 
Cover - 50-micrometer PFA Tef lon 
Coat ing - 25-mi crometer SHC-1000 '!V S i  1 icone 
An zddi  t i o n a l  twenty 2 - c e l l  t ~ s t  samples were f ab r i ca ted  us ing  t he  same ma te r i a l s  1 
fo r  t e s t  and eva lua t ion  a t  GE Co. 
*PCR Research Chemicals, Inc .  
Ga inesv i l l e ,  FL 32602 
! 
4.2.1 PERFORMANCE TESTING 1 
An e l e c t r i c a l  ou tpu t  measurement was made a f t e r  each major  s tep  i n  the  f a b r i c a t i o n  i 
1 
c y c l e  as w e l l  as a f t e r  each s t ress  t e s t .  A p r i n t e d  record  o f  cu r ren t  vo l tage  and 1 
i 
a p l o t  o f  these parameters as t h e  c e l l  l oad  i s  changed (see F igure 4-6) serves i 
t o  document t he  h e a l t h  o f  t h e  c e l l  throughout t he  f ab r i ca t i on ,  t e s t  and eva lua t ion  i i 
, 
cycle.  S h o r t - c i r c u i t  cu r ren t  and maximum powers have been tabu la ted  together  w i t h  
! 
t h e  d e l t a s  a t  each step, so t h a t  t he  t r end  and magnitude o f  t he  change i n  these 
parameters may be noted. A sampling o f  t h . s  data f o r  t h e  s i n g l e - c e l l  samples i s  
shown i n  Table 4-8. I t  should be noted t h a t  becauseo f  i n c i d e n t a l  product ion problems, ' 
17 o f  these samples were no t  good examples o f  o p t i c a l l y  c l e a r  and i n t a c t  coat ings.  
That t he  l oss  i n  s h o r t - c i r c u i t  cu r ren t  and maximum power shown f o r  these 17 samples 
i s  no t  what can be achieved may he seen by examination o f  t h e  same parameters f o r  the  
l a s t  f ou r  samples l i s t e d .  There should be l i t t l e  (1%) o r  no l oss  i n  Is, and p 
" P 
w i t +  a good UV screen-coated cover. 
4.2 .2  TEMPERPTURE-HUeIDITY TESTIYG 
Two separate temperature-humidi ty t e s t s  were conducted w i t h  t h ree  2 - c e l l  sarp les 
under t e s t  i n  each case. The samples were exposed t o  65OC and 100% r e l a t i v e  
humidi ty.  The f i r s t  t e s t  l a s t e d  10 days and the  second 13 days. Test samples #5 
and 47 showed signs o f  de laminat ion a t  the cca t ing lcover  i n t e r f a c e ,  
This was analyzed as an adhesion problem because o f  inadequate e t c h  o f  the  PFA 
Tef lon.  
The second t e s t  l a s t i n g  13 days was run on savples covered w i t h  PFA t h a t  had been 
severe ly  mod i f ied  by i o n  beam e t ch ing  o f  bo th  surfaces by J. Sovey, Lewis Research 
Center. I n  add i t i on ,  the manufactur ing process was changed a t  t h i s  po in t ;  i .e., t he  
s i l i c o n e  hard coat was app l ied  C t e r  t he  c e l l s  were bonded t o  the  Kapton-H subs t ra te .  
Also, an acc identa l  embossing o f  the c e l l  covers r e s u l t e d  as a  consequence o f  us ing  a  
woven p a r t i n g  c l o t h  i n  t he  cover bonding. Whi le the  i o n  beam m o d i f i c a t i o n  o f  
CURRENT (M) 3/29/79 
I ? .  . I . . ' - .  , .  . , :, . I , .  . -I . ., 
- .  . . . . . ". . . . .-, . . ,.--.-." - ~ d .  
Table 4-8. E l e c t r l c @ l  Performance Before 8 A f t e r  Coated PFA Teflon Covers 
7-1 I 
1 AFTER WELDING AFTER COVER 
I SG PUnP AISC IAPUIP 
' CELL (MA) (mi) (MI I (mi) 
F' 143 56.5 
-' ' -2.6 , Samples D '  through V '  
--- 
H' 140 55.3 , -5  -2.9 -re no t  o p t i c a l l y  c lear  
i 
- 
I coatings. Almost a t1  i 4 
I '  142 56.3 -5 , -2.3 showed siqns o f  poor ad- , 
- .  
1 
J' I hesion o f  the SHC-1000 145 58.0 ' -4 -2.0 
, t o  the PFA cover. i 
K '  144 56.3 , - 4  -2.5 1 
L '  139 54.9 -5 f -2.9 I 
I These 4 samples were o p t i c a l l y  c'lear with- ou t  any separation$. 
Ave. I 
V A I I ~ P ,  1 4  58.6 t0.75 





t h e  PFA Teflon proved t o  be a major s tep  forward, t h e  a p p l i c a t i o n  o f  t he  s i l i c o n e  
hard coa t  t o  an embossed surface proved t o  be a re t rogress ion .  As a consequence 
o f  these procedures, t he  second s e t  o f  t e s t  samples showed genera l ized f l a k i n g  
o f  t h e  s i l  i cone hard coat a f t e r  t h e  conc lus ion o f  t h e  13-day t e s t .  The lessons 
learned through t h i s  t e s t i n g  are:  
1.  Good adhesion o f  bo th  s i l i c o n e  hard coa t  and s i l i c o n e  adhesive 
may be had w i t h  PFA Te f lon  if i t  i s  f i r s t  mod i f ied  by an i o n  beam etch. 
2. A smooth p a r t i n g  sheet; i .e,, Kapton-H should be used du r i ng  t h e  cover 
bonding step, and 
3 .  The s i l i c o n e  should be a t  l e a s t  25 micrometers t h i c k  t o  r e s i s t  t he  
invas ion  o f  water vapor. 
The e l e c t r i c a l  performance h i s t o r y  of both  se ts  o f  t e s t  samples i s  shown i n  Table 
4-9. 
4.2.3 THERMAL SHOCK TEST 
Two thermal shock t e s t s  were run us ing t h ree  2 - c e l l  t e s t  samples i n  each case. 
The f i r s t  t e s t  went 17 cyc les and t h e  second was 10 cyc les i n  length.  I n  each 
case, the  samples were cyc led between -185 '~  and 1 0 0 ~ ~  w i t h a 5-minute soak a t  
each end. The r a t e  o f  change du r i ng  cooldown was about l lO /minu te ,  wh i l e  on warmup 
was approximately 15O/minute. Again, t he  f i r s t  t e s t  was r u n  w i t h  PFA covers w i t h  
an inadequate sur face etch, wh i l e  the  covers i n  the  second t e s t  were those PFA 
covers mod i f ied  a t  Lewis Research Center. These t e s t s  uncovered no new problems. 
None o f  t he  c e l l s  were cracked dur ing  t he  second temperature shock t es t s ,  nor  
was t he re  any delaminat ion o r  checking o f  the  s i l i c o n e  hard coat.  The e l e c t r i c a l  
performance o f  these t e s t  samples i s  l i s t e d  i n  Table 4-10. The o p t i c a l  p rope r t i es  
.112 SHC-1000 remained unchanged, see F igure 4-5. 
4.2.4 FLEXURE TEST 
Four s ing1 e - c e l l  samples were i n d i v i d u a l l y  wrapped and unwrapped around a 25-cm 


























































































































































































































































































































































































































































































































 /r;i) - 3 - 3 - 1 - +O -1 6 - 5 
e l e c t r i c a l  performance o f  the  remaining th ree  i s  given i n  Table 4-11. There 
were no obvious signs o f  c e l l  f r a c t u r e  or  cover/coating delaminations. The 
approximate 5% loss i n  ISc and Pmp may be the  r e s u l t  o f  micro-cracks o r  r e s i s t i v e  


















































































































































A b r i e f ,  f ive-month program was conducted towards f i n d i n n  an adhesive 
andlor  coat ings f o r  PFA and FEP Tef lon t h a t  would permi t  these co-polymers t o  be 
used success fu l l y  as a s o l a r  c e l l  cover ma te r i a l  i n  a =pace environment. A new 
concept has been i d e n t i f i e d  ; namely, coat the Te f lon  w i t h  a t h i n  
(25 micrometer t h i c k )  s i l  icone hard coat  r e s i n  con ta in ing  an u l  t r a v i o l  e t -screening 
agent. This coat ing,  on t he  photon- incident surface, has the  p o t e n t i a l  o f  pro- 
t e c t i n g  both the Te f lon  and the adhesive a t  the  cove r / ce l l  i n t e r f a c e  from degrada- 
t f o n  by u1 t r a v i o l e t  r ad i a t i on .  A p re l im ina ry  screening of ma te r i a l s  was accomp- 
1 ished. There a re  UV-screening agents o the r  than those t r i e d ;  an t iox iden ts  and 
thermal s t a b i l i z e r s  t h a t  should be examined f o r  t h e i r  p o t e n t i a l  i n  thwar t ing  de- 
gradat ion o f  these polymeric covers ~y u l t r a v i o l e t  r a d i a t i o n  and e levated tempera- 
tu res .  S o ~ e  p re l  iminary  environmental t e s t s  were conducted; namely, thermal shock 
and temperature humidi ty,  bu t  the most c r i t i c a l  t e s t  o f  a l l ,  u l t r a v i o l e t  exposur.e, 
was no t  w i t h i n  the  work scope. 
Much o f  the  e f f o r t  on t h i s  program was devoted, o f  necess i ty ,  t o  working ou t  
f a b r i c a t i o n  procedures and tecnniques f o r  i n t r o d u c t i o n  o f  t he  UV-screening agents 
i n t o  s i  1 icone res ins ,  on the one hand, and a p p l i c a t i o n  o f  these UV-inhibi  t ed  
coa+ings t o  t he  Tef lons,  on t he  other .  Much was accomplished i n  t h i s  regard.  
Aside from i nco rpo ra t i ng  a few ref inements from t ime t o  t ime, we can say t h a t  
a workable process f o r  f a b r i c a t i o n  o f  these coated covers has been achieved. 
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